INTRODUCTION
Beer is an extremely popular drink consumed all around the world, even in countries where the production and consumption of alcoholic beverages are not traditional (Alcázar et al., 2002) . Beer consumption after the millennium has reached 1,2 billion hl, and it is still growing. For instance, in countries with developed beer culture the consumption of beer exceeds 100 l/year/capita (FAO, 2009 ). This drink is produced by the alcoholic fermentation of yeasts, which transform carbohydrates found in wort to ethyl alcohol and CO2. In most cases wort can be originated from barley malt, but other cereals can also be used as raw materials (Gama et al., 2017) . It also contains hop, and other substances in some cases. Besides beer's various and often really healthy composition, we also have to notice that it could contain elements which could have an adverse effect on the consumers' health. These contaminants are not intentionally added to food in general. They could contaminate the raw materials on the fields as a result of environmental pollution, but these elements can also appear later during the production and distribution (Donadini et al., 2008) . For instance, cereals could get contaminated by different kinds of mycotoxins (aflatoxins, DON, fumonisins, etc.) (Pascari et al., 2018) , or the usage of low quality cans could increase the concentration of Cd (Mena et al., 1996) . In this study, the concentration of Al, As, Ba, Cd, Co, Cr, Cu, Fe, Mo, Mn, Ni, Se, Sr, Pb and Zn were measured by Inductively Coupled Plasma Mass Spectrometry (ICP-MS) in 24 beer samples, then a risk analysis has been performed for the elements mentioned above. The aim of the research was to evaluate micro and trace element contents of beer, and to search for relations between beer types and element concentrations, and to separate different beer types according to that. It was also our goal to investigate whether these elements can be found in a hazardous concentration in the samples analysed.
MATERIAL AND METHODS

Samples
Twenty-four beer samples purchased from local stores were analysed. This research has been promoted to identify the risk of beer consumption in general, this is why the analysis of different beer types with different origin was reasonable. Samples were produced by using malt prepared from two cereals: barley (Hordeum vulgare convar. distichon) and wheat (Triticum aestivum). Both test groups contained pale and dark beer samples. Types of the samples were the following: pale barley samples (No. 1-9), dark barley samples (10) (11) (12) (13) (14) (15) (16) (17) , pale wheat samples (18) (19) (20) (21) (22) , dark wheat samples (23) (24) . The origin of these beer samples is presented in Table 2 and Table 3 .
Determination of element contents
The determination of element concentrations was carried out according to the method of Kovács et al. (1996) , which had been slightly modified because of the characteristics of the samples used. After decarbonation of beer samples by using ultrasonic water bath (Bandelin Sonorex Digital DT 255H, Germany), 5 ml of nitric acid (69% v/v; VWR International Ltd., Radnor, USA) was added to 20 ml of each sample, then samples were allowed to stand overnight. Next morning, another 5 ml of nitric acid was added at a speed of 1 ml/h. Then the samples were pre-digested at 60 o C for 30 min. After cooling, 3 ml hydrogen-peroxide (30% v/v; VWR International Ltd., Radnor, USA) was added to the samples, and then samples were digested at 120 o C for 90 min. After digestion, ultrapure water produced by a Milli-Q water purification system (Millipore SAS, Molsheim, France) was added to volume samples up to 50 ml. After filtration (qualitative filter papers -Sartorius Stedim, Biotech S.A., Gottingen, Germany) the determination of microelements was carried out by using ICP-MS (Inductively Coupled Plasma Mass Spectrometry) (Thermo Scientific XSeries 2, Bremen, Germany). List of the analysed isotopes and the limits of detection are shown in Table 1 .
Statistical analysis
All analytical analysis was carried out in triplicate. Results were described by using general terms such as mean, standard deviation, minimum and maximum values, and One-Way ANOVA (LSD: Least Significant Difference), Linear Discriminant Analysis (LDA) and Independent Samples Test has been performed. For the statistical analysis SPSS for Windows (version 13, SPSS Inc. Chicago, Illinois, USA) has been used.
In the present paper, a risk analysis of beer's element content has been carried out. Al, As, Ba, Cd, Co, Cr, Cu, Fe, Mo, Mn, Ni, Se, Sr, Pb and Zn were determined by Inductively Coupled Plasma Mass Spectrometry (ICP-MS) in 24 beer samples produced by different breweries. Samples could be originated from Hungary, Belgium, the Czech Republic, Germany and Austria, and the set consisted of 4 types of beer: pale barley, dark barley, pale wheat and dark wheat samples. It appeared that Mn was the most abundant among the analysed elements, followed by Sr, and Al, and Co, Se and Cr could be found in the lowest concentrations, except for those which were present in a concentration lower than LoD. The statistical analysis showed that barley and wheat beers could be differentiated according to their Mn and Cu content, but to separate all of the groups analysed further investigations and more samples are needed. A risk assessment for Al, Cu and Zn has also been performed for the analysed samples. The results showed that none of these elements could have any adverse effect on our health. 
Health risk assessment
In this study, we determined the risk of beer consumption calculated with 60 and 90 kg body weight and 0.5 l beer consumption. The risk value was determined with the following equations: Risk = tolerable daily intake average daily intalke Tolerable daily intake = PTDI (provisional tolerable daily intake x body weight) Average daily intake = element concentration of beer x daily consumption If the value is lower than 1, it means risk, between 1 and 10 the risk is possible and above 10 the risk is negligible.
RESULTS AND DISCUSSION
Element concentrations
Ba, Co, Cr, Mo, Mn, Ni, Se and Sr concentrations of the samples are shown in Table 2 . Among these elements, Mn was the most abundant with an average concentration of 126 µg l -1 , ranged from 41.0±2.3 to 260±9 µg l -1
. The concentration of this element was followed closely by Sr with an average of 123 µg l -1 . The average concentrations of the other analysed elements were much lower, those were the following in decreasing order: Ba (23.1 µg l -1 ), Mo (8.54 µg l -1 ), Ni (8.02 µg l -1 ), Cr (3.98 µg l -1 ), Se (2.80 µg l -1 ) and Co (0,270 µg l -1 ). According to these results, Ni concentration was under the limit of detection in 8 samples, while the concentration of Se could not be measured in 13 of the samples for the same reason. ), but notice that many of these samples did not contain enough Al to detect. The concentration of Pb and As were much lower than the elements mentioned above (4.75, 3.99 µg l -1
). While comparing all of the element contents, it appears that these beer samples contained Mn in the highest concentration in general, followed by Sr and Al, and they had the lowest concentrations of Co, Se and Cr, except for the elements which could be found in a concentration lower than LoD (Cd, Fe). These low concentrations can be justified by comparing them to the results of other authors. In the study of Mena et al. (1996) , the mean value of Cd concentrations had been 0.21 µg l -1 , which is almost the limit of detection we have established. What is more, the article mentions that higher Cd concentrations could be determined in canned beers, and the improper composition of the cans could increase Cd concentrations. In the thesis of a Hungarian researcher, Beáta Hegyesné Vecseri (2004), Cd could not be found over LoD (of our method) in the analysed beer samples, and the mean value of Fe concentrations (70 µg l -1 ) was also under our LoD value.
Differentiation of the analysed beer types according to their element contents
First, the results were described by using statistical terms like mean, standard deviation, minimum and maximum values. To start separation of the analysed beer types, Independent Samples Test has been performed first. The test showed that barley and wheat beers could be differentiated by their Cu and Mn concentrations: in case of Cu, P-value was 0.001, and for Mn, P-value was 0.000. For the division of the 4 groups mentioned before, One-Way ANOVA (LSD) has been used, because the variance of the variables had been homogeneous. The results showed that there are significant differences between beer types in some of their element concentrations. In case of As, pale barley and pale wheat samples showed significant difference (P value = 0.039), such as pale wheat and dark wheat samples (P value = 0.034). Pale barley and pale wheat beers could also be divided according to their Cu content (P value = 0.006), just like dark barley and pale wheat samples (P vale = 0.006). Due to the Zn concentrations, the difference between pale barley and dark barley, such as pale barley and pale wheat samples could be statistically verified (P value = 0.007 and 0.017). The test also showed that there was a difference in the pale barley and dark barley, and dark barley and pale wheat in their Co concentrations (P value = 0.034 and 0.027). Mo and Mn concentrations also showed significant difference. As for Mo, pale barley could be separated from dark barley samples (P value = 0.018), what is more, there was a significant difference between dark barley and pale wheat samples also (P value = 0.049). According to the concentrations of Mn, pale barley samples showed difference from every other category (P value = 0.037, 0.000 and 0.000), furthermore dark barley samples also showed significant difference from pale and dark wheat samples (P value = 0.001 and 0.012).
After carrying the LSD test out, a Linear Discriminant Analysis (LDA) has also been performed, its results can be seen in Figure 1 .
Figure 1 Linear Discriminant Analysis of different beer types
According to the LSD test, differences were found among the beer types analysed due to the microelement concentrations. Because of this, LDA analysis was carried out to verify the distinction of different beer types. The grouping variables were the beer types and the independent variables were the elements (As, Cu, Zn, Co, Mo and Mn). Three discriminant functions were determined, with eigenvalue from 3.16 for the first to 0.144 for the last. The first function explained 84.5%, the second one 71.4% and the last one 16.8% of the variance of dependent variables. In the first function the group of pale barley beers showed the highest centroid (1.53) followed by group of dark barley beers (1.17), dark wheat beers (-2.90) and pale wheat beers (-3.47 ). In the second dimension the highest centroid was determined in the group of dark barley beers (1.76) followed by pale wheat beers (0.43), pale barley beers (-1.41) and dark wheat beers (-1.79). Therefore, the dark barley beers showed high centroid in both dimensions, the pale barley showed high value in the first dimension, however, in the second dimension this value was low. Pale wheat and dark wheat beers showed lower centroids in both dimensions. According to the cross validation, in case of pale barley beers the number of correctly categorized cases was 8 (88,9%), because one sample moved into dark barley beer group. In case of dark barley beers this number is 7 (87,5%), because one sample moved into pale barley beer group. In case of pale wheat beers, the number of correctly categorized cases was only two (40%), because two samples moved into dark barley beer group and two samples moved into dark wheat beer group. In case of dark wheat beer this number was only one (50%), because one sample moved into pale wheat beer group. Overall 75,0% of cross-validated grouped cases was correctly classified.
Risk assessment
In this study, a risk assessment for beer's microelement contents has been done to determine whether temperate consumption of beer could have any adverse effect on human health and life or not. To manage that, the database of WHO JECFA (Joint FAO/WHO Expert Committee on Food Additives) has been used, which contains the PTDI values of different metals. These values are shown in Table 4 . According to the values showed in Table 4 , PTDI values can also be calculated for people with a body weight of 60 and 90 kg, which are presented in Table 5 . The next step was the calculation of the element contents of one glass of beer (0,5 l), which is shown by Table 6 . Empty cells represent samples which have not contained the analysed element in higher concentration than LoD. In the knowledge of the samples element concentrations and PTDI values, a risk assessment can be carried out to determine whether these samples could have an adverse effect on human health or not. Final results of the risk assessment are presented in Table 7 , for consumers with a body weight of 60 and 90 kg. Risk assessment has only been performed for Al, Cu and Zn, because PTI values had been withdrawn for As and Pb, and Cd and Fe concentrations were lower than LoD in each sample, this is why no risk could appear because of these elements. As Table 7 presents, none of the elements could be found in the analysed samples in a concentration which could mean a potential hazard to the consumers -the calculated values of risks were higher than 10 by all samples.
